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DETAILED ACTION 
Allowable Subject Matter 

1 . The indicated allowability of claims 1 3,38,45,50, & 57 is withdrawn in view of the 
newly discovered reference(s) to Cunningham (US2001 001 3600) and Lim et 
al.(US20040266204) Rejections based on the newly cited reference(s) follow. 

Claim Objections 

2. Claim 8 & 24 are objected to because of the following informalities: "a method for 
fabricating a CMOS semiconductor device structure comprising gate electrodes 
comprising". Claim language is not clear. The examiner suggests that " - - structure 
including gate electrodes comprising - 

Claim 24 is objected to because of the following informalities: " - -gatge electrode 
- -". Typographical error. 

Claim 26 is objected to because of the following informalities: "the second metal 
layer" is not claimed in claim 24. Please change "the second metal layer" as "the 
second metal capping layer" for the purpose of consistency. Now the examiner 
considers the second metal layer as the second metal capping layer. 

Claim 40 is objected to because of the following informalities:"- - a hafnium nitride 
second metal capping layer". Change "- - a hafnium nitride second metal capping layer" 
as "- - a hafnium nitride being second metal capping layer" or like. 

Appropriate correction is required. 

Claim Rejections - 35 USC § 102 
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3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

5. Claims 8 is rejected under 35 U.S.C. 102(b) as being anticipated by 
Cunningham (US20010013600). 

Pertaining claim 8, Cunningham discloses a method for fabricating a CMOS 
(Paragraph 0004) semiconductor device structure comprising gate electrodes 140 (Fig. 
3a) comprising: 

providing a dielectric layer (Fig. 3B, Note: gate dielectric layer is located below 
142) on a substrate; depositing a hafnium nitride layer 140 (pargarph 0049) overlying 
said dielectric layer wherein an atomic ratio of Nitrogen and Hafnium of said hafnium 
nitride layer is adjusted to adjust the work-function of said gate electrodes (Note: HfN as 
metal layer 140 has atomic ratio of 1:1) wherein said atomic ratio of nitrogen to hafnium 
remains greater than or equal to one"(Note: atomic ratio of HfN is equal to 1 as its 
stoichiometry ); 
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depositing a capping layer 144 (Fig. 3b, Note: silicon nitride) overlying said 
hafnium nitride layer 140 (Fig. 3b); 

patterning said hafnium nitride layer 140 and said capping layer 144 (Fig. 3b) and 
said dielectric layer (Note: below 142) to form said CMOS gate electrodes; and 
forming source and drain regions (paragraph 0018) within said substrate adjacent to 
said CMOS gate e|ectrodes(Fig. 3b). 

Claim Rejections - 35 USC § 103 

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

7. Claims 9-10, 24, 40, 41, 43, & 45 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Cunningham (US20010013600) in view Hayashi et al. 
(US20040157473). 

Pertaining claim 9, as applied to claim 8, Cunningham discloses all the limitations 
including, depositing of said hafnium nitride layer 140 (Fig 3b). 

Cunningham fails to teach flowing Nitrogen and Argon atoms into a chamber 
simultaneously wherein said chamber contains said substrate and a hafnium target. 

However, Hayashi discloses flowing Nitrogen and Argon atoms into a chamber 
simultaneously wherein said chamber contains said substrate and a hafnium target 
(paragraph 0082, lines14-20). 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of applicant(s) claimed invention was made to provide Cunningham with flowing 
Nitrogen and Argon atoms into a chamber simultaneously wherein said chamber 
contains said substrate and a hafnium target as taught by Hayashi in order to produce 
uniform thickness of HfN layer. 

Pertaining 10, as applied to claim 9, Cunningham and Hayashi in combination 
disclose all the limitations including, argon and nitrogen flow (paragraph 0082, Iines14- 
20). 

Cunningham and Hayashi in combination fail to teach argon and nitrogen flow 
rates are kept as constant at 25 seem and 5 seem, respectively. 

Notwithstanding, one of ordinary skill in the art would have been led to the recited 
dimensions through routine experimentation and optimization. Applicant has not 
disclosed that the dimensions are for a particular unobvious purpose, produce an 
unexpected result, or are otherwise critical, and it appears prima facie that the process 
would possess utility using another dimension. Indeed, it has been held that mere 
dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are otherwise 
critical. See, for example, In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
RinehartrSM F.-2d 1048 T 189 USPQ 143-(GCPA 1976); Gardner v.- TEC- Systems, Inc., 
725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert, denied, 469 U.S. 830, 225 USPQ 
232 (1984); In re Da/fey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). 
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Claims 24- rejected under 35 U.S.C. 103(a) as being unpatentable over Cunningham 
(US2001 001 3600) in view of Hayashi et al. (US200401 57473). 

Pertaining claim 24, Cunningham discloses a method for fabricating a CMOS 
semiconductor device structure 140 (Fig. 3a) comprising gate electrodes comprising: 

providing a dielectric layer (Fig. 3B, Note: gate dielectric layer is located below 
142) on a substrate; 

depositing a first metal layer 140 (pargarph 0049) overlying said dielectric layer 
depositing a second metal capping layer 144 (Fig. 3b, Note: silicon nitride) overlying 
said first metal layer 140 wherein said second metal is different from said first metal 

patterning said second metal capping layer 144, said first metal layer and said 
dielectric layer(Fig. 2) to form said CMOS gate electrodes; and forming source and 
drain regions (paragraph 0018) within said substrate (Fig. 2) adjacent to said CMOS 
gate electrodes and depositing of said first metal Iayer140 (Fig. 3b) comprises an 
atomic ratio of Nitrogen and Hafnium of said hafnium nitride layer is adjusted to adjust 
the work-function of said gate electrodes (Note: HfN as metal layer 140 has atomic ratio 
of 1 :1) wherein said atomic ratio of nitrogen to hafnium remains greater than or equal to 
one (Note: atomic ratio of HfN is equal to 1 as its stoichiometry). 

Cunningham fails to teach depositing of said first metal layer comprises flowing 

Nitrogen and Argon atoms into a chamber simultaneously wherein said chamber 

contains said substrate and a hafnium target to form a hafnium nitride first metal laver. 
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However, Hayashi discloses flowing Nitrogen and Argon atoms into a chamber 
simultaneously wherein said chamber contains said substrate and a hafnium target 
(paragraph 0082, lines14-20) target to form a hafnium nitride first metal laver. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of applicant(s) claimed invention was made to provide Cunningham with flowing 
Nitrogen and Argon atoms into a chamber simultaneously wherein said chamber 
contains said substrate and a hafnium target as taught by Hayashi in order to produce 
uniform thickness of HfN layer. 

Regarding claim 40, Cunningham and Hayashi in combination a method for 
fabricating a CMOS semiconductor device structure comprising: 

providing a dielectric layer (Cunningham, Fig. 3B, Note: gate dielectric layer is 
located below 142) on a substrate; depositing a first metal layer overlying said dielectric 
layer; 

depositing a second metal capping layer overlying said first metal Iayer140 
(Cunningham, paragraph 0049) wherein said depositing comprises flowing Nitrogen 
and Argon atoms into a chamber simultaneously wherein said chamber contains said 
substrate and a hafnium target(Hayashi, paragraph 0082, lines14-20) to form a hafnium • 
nitride second metal capping layer; 

-patterning said first-layer 144 and said-the second capping layer -114 

(Cunningham, Fig. 3b) and said dielectric layer (Cunningham, Fig. 4) to form CMOS 
gate electrodes (Fig. 3b); 
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forming source and drain regions within said substrate adjacent to said CMOS 
gate electrodes (Cunningham, paragraph 0005). 

Pertaining claim 41, as applied to claim 40, Cunningham, Hayashi in combination 
disclose all the limitations including, the dielectric layer comprises Hf0 2 (Hayashi, 
paragraph 0065 & 0068, note: silicon oxide gate insulating layer is replaced by Hafnium 
Oxide). 

Pertaining claim 43, as applied to claim 40, Cunningham, and Hayashi in 
combination disclose all the limitations including, the first metal layer comprises 
tungsten or tantalum nitride (Hayashi, paragraph 004). 

Pertaining claim 45, as applied to claim 40, Cunningham, and Hayashi in 
combination disclose all the limitations including, adjusting the flow rate of Nitrogen and 
Argon atoms to adjust the work-function of said gate electrodes (paragraph 0082, 
lines14-20) wherein the atomic ration of nitrogen to hafnium remains greater than or 
equal to one (Note: atomic ratio of HfN is equal to 1 as its stoichiometry). 
Pertaining claim 54, as applied to claim 24, Cunningham and Hayashi in combination 
disclose all the limitations including, argon and nitrogen flow (paragraph 0082, Iines14- 
20). 

Cunningham and Hayashi in combination fail to teach flow rates are kept as 
constant at 25 seem and 5sccm, respectively. 
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Notwithstanding, one of ordinary skill in the art would have been led to the recited 
dimensions through routine experimentation and optimization. Applicant has not 
disclosed that the dimensions are for a particular unobvious purpose, produce an 
unexpected result, or are otherwise critical, and it appears prima facie that the process 
would possess utility using another dimension. Indeed, it has been held that mere 
dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are otherwise 
critical. See, for example, In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 
725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert, denied, 469 U.S. 830, 225 USPQ 
232 (1984); In re Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). 

8. Claims 11 & 55 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Cunningham (US20010013600) in view of Hayashi et al. (US20040157473) and 
Kubota etal. (US20040087124). 

Pertaining claims 1 1 & 55, as applied to claims 8 & 24, Cunningham and Hayashi 
in combination disclose all the limitations including, said dielectric layer comprises Hf0 2 
(Cunningham, 0031) and is deposited at400°C (Hayashi, paragraph 0065 & 0068, note: 
silicon oxide gate insulating layer is replaced by Hafnium Oxide) 

- - Cunningham and Hayashi in combination fail to teach dielectrkrHf0 2 using a 
MOCVD cluster tool. 

However, Kubota discloses HfQ 2 using a MOCVD cluster tool (Paragraph 0019). 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of applicant(s) claimed invention was made to provide Cunningham and Hayashi in 
combination with Hf0 2 using a MOCVD cluster tool as taught by Kubota in order to 
produce thin dielectric layer. 

9. Claims 12 & 56 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Cunningham (US20010013600) in view of Hayashi et al. (US200401 57473) and 
Yeo et al. (US 200401 29995). 

Pertaining claims 12 & 56, as applied to claims 8 & 24, Cunningham and Hayashi 
in combination disclose all the limitations including, said dielectric layer comprises 
Hf02(Hayashi, paragraph 0002). 

Cunningham and Hayashi in combination fail to teach the dielectric layer is 
subjected to post-deposition annealing (PDA) at 700°C in a N2 ambient. 

However, Yeo disclose a post-deposition annealing up to 900 degrees Celsius in 
nitrogen ambient (Paragraph 0029). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of applicant(s) claimed invention was made to provide Cunningham and Hayashi in 
combination with a post-deposition annealing up to 900 degrees Celsius in nitrogen 
ambient as taught by Yeo in order to form better quality dielectric layer. 

Gunningham T Hayashi.-and Yeo in combination fail to teach the post-depostion 

annealing at 700 °C. 
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Notwithstanding, one of ordinary skill in the art would have been led to the 
recited dimensions through routine experimentation and optimization. Applicant has 
not disclosed that the dimensions are for a particular unobvious purpose, produce an 
unexpected result, or are otherwise critical, and it appears prima facie that the process 
would possess utility using another dimension. Indeed, it has been held that mere 
dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are otherwise 
critical. See, for example, In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 
725 F.2d 1338, 220 USPQ 777 (Fed. Cir. 1984), cert, denied, 469 U.S. 830, 225 USPQ 
232 (1984); In re Da/Vey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). 

10. Claims 14, 15, 58, & 59 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Cunningham (US20010013600) in view of Haukka et al. (US 
6858524). 

Pertaining claims 14 & 58, as applied to claims 8 & 24, Cunningham discloses 
Hafnium nitride layer 140 (Cunningham, Fig. 3b). 

Cunningham fails to teach impurity doping into said hafnium nitride layer to tune 
the work-function of said gate electrodes. 

Haukka discloses impurity doping into said hanium nitride layer (column 8, lines 
52-62, metal nitride layer is treated with hydrogen plasma) to tune the work-function of 
said gate electrodes. 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of applicant(s) claimed invention was made to provide Cunningham reference with 
impurity doping into said hafnium nitride layer to tune the work-function of said gate 
electrodes as taught by Haukka in order to reduce the resistivity of gate electrode. 

Pertaining claims 15 & 59, as applied to claims 8 & 24, Cunningham and Haukka 
in combination disclose thermal treatment of hafnium nitride layer by RTA (Column 8, 
lines 56-59). 

Cunningham and Haukka in combination fail to teach thermal treatment of 
hafnium nitride layer at about 1000°C for about 20 second. 

Notwithstanding, one of ordinary skill in the art would have been led to the recited 
dimensions through routine experimentation and optimization. Applicant has not 
disclosed that the dimensions are for a particular unobvious purpose, produce an 
unexpected result, or are otherwise critical, and it appears prima facie that the process 
would possess utility using another dimension. Indeed, it has been held that mere 
dimensional limitations are prima facie obvious absent a disclosure that the limitations 
are for a particular unobvious purpose, produce an unexpected result, or are otherwise 
critical. See, for example, In re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re 
Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 
725 F.2d 1338, 220 USPQ. 777_(Fed, Cjr 1984), cert. denied, 46_9 U.S. 830,. 225 USPQ.. 
232 (1984); In re Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). 



Application/Control Number: 10/802,563 Page 13 

Art Unit: 2823 

11. Claims 26-27, 35, 37, & 38 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Cunningham (US20010013600) in view of Hayashi et al. 
(US200401 57473) and Lim et al. (US20040266204). 

Regarding claim 26, as applied to claim 24, Cunningham and Hayashi in 
combination disclose all the limitations including, said second metal layer 

Cunningham and Hayashi in combination fail to teach the second metal capping 
layer comprises tungsten or tantalum nitride. 

Lim discloses the second metal capping layer comprises tungsten or tantalum 
nitride 24 (Fig. 4D, paragraph 0034 Note: barrier layer 24 can be TaN). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of applicant(s) claimed invention was made to provide Cunningham and Hayashi in 
combination with the second metal capping layer comprises tungsten or tantalum nitride 
as taught by Lim in order to prevent diffusion. 

Regarding claim 27, as applied to claim 24, Cunningham, Hayashi, and Lim in 
combination disclose the first (Hayashi, 0051, CVD (chemical vapor deposition) and 
second metal layers (Lim, paragraph 004) are deposited by physical vapor deposition or 
chemical vapor deposition. 

Pertaining claim 35, Cunningham, Hayashi, and Lim in combination a method for 
fabricating a CMOS semiconductor device structure (Cunningham, Paragraph 0004) 
- comprising: - - - - - - 

providing a dielectric layer (Cunningham, Fig. 3B, Note: gate dielectric layer is 
located below 142) on a substrate; depositing a hafnium nitride layer 140 (Cunningham, 
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paragraph 0049) overlying said dielectric layer wherein said depositing comprises 
flowing Nitrogen and Argon atoms into a chamber simultaneously wherein said chamber 
contains said substrate and a hafnium target(Hayashi, paragraph 0082, lines14-20); 

depositing a titanium nitride or tungsten capping layer overlying said hafnium 
nitride Iayer24 (Lim, Fig. 4D, paragraph 0034 Note: barrier layer 24 can be TaN); 

patterning said hafnium nitride layer 144 and said capping layer 114 
(Cunningham, Fig. 3b) and said dielectric layer (Cunningham, Fig. 4) to form CMOS 
gate electrodes (Fig. 3b); and 

forming source and drain regions within said substrate adjacent to said CMOS 
gate electrodes (Cunningham, paragraph 0005). 

Regarding claim 37, as applied to claim 35, Cunningham, Hayashi, and Lim in 
combination disclose all the limitations including, said dielectric layer (Lim, 22) 
comprises Hf02, silicon dioxide (Lim, paragraph 0034), silicon nitride, nitrided silicon 
dioxide, zirconium oxide, aluminum oxide, tantalum pentoxide, barium strontium 
titanates, or crystalline oxides. 

Regarding claim 38, as applied to claim 35 Cunningham, Hayashi, and Lim in 
combination disclose all the limitations including, adjusting the Nitrogen flow (Hayashi, 
paragraph 0082) rate to adjust the work-function of said gate electrodes wherein the 
atomic ratio of nitrogen to hafnium in said hafnium nitride layer remains greater than or 
equal to one (Note: atomic ratio of HfN is equal to 1 as its stoichiometry). 
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12. Claims 39 & 42 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Cunningham (US20010013600) in view of Hayashi et al. (US20040157473) and 
Lim et al. (US20040266204) and further in view of Haukka et al. (US 6858524). 

Pertaining claim 39, as applied to claim 35, Cunningham, Hayashi, and Lim in 
combination disclose Hafnium nitride layer 140 (Cunningham, Fig. 3b). 

Cunningham, Hayashi, and Lim in combination fail to teach impurity doping into 
said hafnium nitride layer to tune the work-function of said gate electrodes. 

Haukka discloses impurity doping into said hanium nitride layer (column 8, lines 
52-62, metal nitride layer is treated with hydrogen plasma) to tune the work-function of 
said gate electrodes. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of applicant(s) claimed invention was made to provide Cunningham reference with 
impurity doping into said hafnium nitride layer to tune the work-function of said gate 
electrodes as taught by Haukka in order to reduce the resistivity of gate electrode. 

Pertaining clam 42, as applied to claim 40, Cunningham, Hayashi, and Lim in 
combination disclose all the limitations including, the first (Hayashi, 0051, CVD 
(chemical vapor deposition) and second metal layers (Lim, paragraph 004) are 
deposited by PVD or CVD. 
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13. Claims 46 & 47 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Cunningham (US20010013600) in view of Hayashi et al. (US200401 57473) and 
Haukka etal. (US 6858524). 

Pertaining claim 46, as applied to claim 40, Cunningham, and Hayashi in 
combination disclose Hafnium nitride layer 140 (Cunningham, Fig. 3b). 

Cunningham, and Hayashi in combination fails to teach impurity doping into said 
hafnium nitride layer to tune the work-function of said gate electrodes. 

Haukka discloses impurity doping into said hanium nitride layer (column 8, lines 
52-62, metal nitride layer is treated with hydrogen plasma) to tune the work-function of 
said gate electrodes. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of applicant(s) claimed invention was made to provide Cunningham reference with 
impurity doping into said hafnium nitride layer to tune the work-function of said gate 
electrodes as taught by Haukka in order to reduce the resistivity of gate electrode. 

Pertaining claim 47, as applied to claim 40, Cunningham, Hayashi, and Haukka 
in combination disclose all the limitations including, thermal treatment of hafnium nitride 
layer by RTA (Haukka, column 8, lines 56-59). 



Response to Arguments 
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14. Applicant's arguments with respect to claims 8-12, 14-24, 26-27, 35, 37-43, 45- 
47, 54-56, & 58-59 have been considered but are moot in view of .the new ground(s) of 
rejection. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Su C. Kim whose telephone number is (571) 272-5972. 
The examiner can normally be reached on Monday - Thursday, 9:00AM to 7:00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Matthew S. Smith can be reached on (571) 272-1907. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571 -272-1 000. 



Su C. Kim (3/23/2007) 



